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Abstract
BACKGROUND: General anesthesia (GA) is a complex state of hypnosis, amnesia, and suppression of stress 
response to stimuli and production of a quiet surgical field. Awareness under GA considered as unexpected and 
undesirable complication which can be source of pain and torture for many individuals after surgery.
AIM: The aim of the study was to evaluate the incidence of intraoperative awareness during general anesthesia in 
emergency operations using Brice questionnaire.
METHODS: Two hundred patients were included and undergone emergency operations under GA at Cairo 
University’s Hospitals. Intravenous induction then inhalational maintenance of anesthesia with muscle relaxant was 
commenced, basic vital signs were monitored and kept within normal range. Depth of anesthesia was manipulated 
and kept adequate intraoperatively according to patient’s clinical status. At the end of surgery, patients were fully 
reversed and extubated fully awake then transferred to the recovery room, then data were collected.
RESULTS: Data analysis showed 110 (55%) men and 90 (45%) women. Two hours postoperatively, one patient 
(0.5%) reported intraoperative awareness, while 199 patients (99.5%) remembered nothing intraoperatively.
CONCLUSION: The incidence of intraoperative awareness in our emergency hospital is relatively fair and clinical 
evaluation of anesthesia depth is an effective measure to detect and prevents intraoperative awareness.
Introduction
The purpose of anesthesia is to induce 
unconsciousness through administration of drugs. 
Therefore, it is fundamental to provide patients with 
analgesia, anxiolysis, amnesia and suppression of 
hormonal, cardiocirculatory, and motor responses in 
the surgical stress setting [1].
Prys-Roberts [2] defined anesthesia as the state 
in which (as a result of drug induced unconsciousness) 
the patient neither perceives nor recalls noxious stimuli. 
He further stated that analgesia, muscle relaxation, 
and suppression of autonomic activity are not the 
components of anesthesia, but should be considered 
as desirable supplements to the state of anesthesia as 
a means to enable surgery to be performed [2].
Intraoperative awareness during general 
anesthesia (GA) is the second most common concern 
of patients after post-operative vomiting [3].
The causes for this event are frequently a 
consequence of inadequate anesthesia technique, 
device failure, addicted patients, excessive use of 
neuromuscular blocking agents, and inadequate 
monitoring [4].
Awareness during anesthesia with 
intraoperative memory occurs when the patient is able 
to process information and produces specific responses 
to several stimuli [5].
The different phases of intraoperative 
awareness or memory are independent. Explicit or 
declarative memory is when the patient remembers 
facts, events, or experiences that occurred during GA [6].
Regarding implicit or procedural memory 
defined as the memory of motor and sensorial 
capacities and abilities, the patient is unable to verbally 
express his experience during anesthesia, but there 
are changes in his post-operative behavior, habits, and 
performance in such a way that psychological tests are 
required to detect the implicit memory [5].
Another intraoperative awareness phase is 
the state of wakefulness, when the patient is able to 
react to stimuli during surgery, but does not recall nor is 
conscious of the experienced reactions [7].
The experience of consciousness is not the 
same for all patients. They may be collected as memories 
(hearing, tactile sensation, paralysis sensation, and 
difficulty to move and breath, helplessness sensation, 
panic, anxiety, chronic fear and medical fear, insomnia, 
and recurrent nightmares), and neurosis, known as 
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post-traumatic stress disorder and requiring psychiatric 
treatment [8].
An awareness incidence of 1.2% has been 
documented in 1960, but recent studies show an 
incidence of 0.1–0.2%, which may change according to 
biological types, anesthetic drugs, and applied surgical 
procedures [9].
A multicenter study with 19,575 patients 
showed an intraoperative awareness incidence of 
0.13% [10].
One approach to understand the critical 
mechanisms by which general anesthetics suppress 
awareness is to seek for invariant changes in the 
human brain as patients lose and regain consciousness 
under the effects of a variety of anesthetic agents. Such 
information is increasingly available from a variety 
of electrophysiological instruments that have been 
developed such as bispectral index (BIS) monitor, 
Evoked potentials, Patient State Analyzer monitor, and 
The dimensionless Narcotrend index monitor [11].
Patients and Methods
The study design was approved by ethics and 
research committee of Anesthesiology Department, 
Faculty of Medicine, Cairo University. The study 
included 200 patients. All of them were scheduled for 
surgical procedures under general anesthesia at “185 
hospital for emergency operations and burn” Kasr Al 
Ainy Teaching Hospital, Cairo University.
Inclusion criteria
All patients older than 16 years old, undergoing 
emergency operations and balanced, controlled GA 
were included in the study.
Exclusion criteria
Patients undergoing their operations 
under total intravenous anesthesia, or patients with 
neuropsychological disorders preventing them from 
responding to the questionnaire were excluded from 
the study.
The anesthesia of all cases was performed 
by residents who were supervised by specialists. The 
choice of the drugs of premedication and inhalational 
anesthetic for a given surgical procedure depended 
on the anesthetist’s clinical experience, the patient’s 
condition, and the type of surgery.
All individuals had intravenous induction either 
by propofol (2 mg/kg) or thiopental sodium (5 mg/kg) 
and volatile maintenance of anesthesia using either 
sevoflurane with minimum alveolar concentration 
(MAC) ranging from 1% to 1.7% or isoflurane with MAC 
ranging from 0.8% to 1.2%. Atracurium (0.1 mg/kg) 
was used as a muscle relaxant of maintenance in all 
patients.
In all patients, vital signs (heart rate, blood 
pressure, and O2 saturation) were monitored during 
anesthesia and were kept within normal range.
The depth of anesthesia was controlled 
intraoperatively based on the patient’s clinical status 
such as heart rate, blood pressure, alimentary signs 
(e.g., swallowing), and skin signs (e.g., sweating). 
All the studied patients were kept at adequate level 
of anesthesia. Instrumental monitoring of anesthesia 
depth was not carried out.
At the end of the surgical procedure, all 
patients were fully reversed and extubated fully awake 
then transferred to the recovery room.
The following data were collected:
•	 Age
•	 Gender
•	 Type of operation
•	 ASA classification
•	 The drugs of premedication, induction and 
maintenance of anesthesia.
The incidence of intraoperative awareness 
was assessed using Brice questionnaire [12] which 
was modified for the purposes of our study; i.e., the 
questions for patients were extended to encourage them 
to provide answers that were more descriptive. The 
questionnaire was structured similar to questionnaires 
used in other studies focusing on the detection of 
intraoperative awareness [13], [14].
Data were collected for all participants by 
residents who were involved in the survey through a data 
sheet. They visited the patients 2 h postoperatively and 
after conversations with the patients, they completed 
the questionnaire, which was subsequently verified by 
anesthesiologists in charge of assessing intraoperative 
awareness. The following questions were included:
1. What was the last thing you remembered 
happening before you went to sleep?
2. What was the first thing you remembered 
happening on waking?
3. Did you dream or have any other experiences 
while you were asleep?
4. What was the worst thing about your operation?
5. What was the next worst thing?
The patients’ reports were classified – 
according to the classifications commonly used in the 
literature [14], [15] – as follows:
Definite awareness (A): A recalled event 
occurring during anesthesia or surgery that was 
confirmed by the attending personnel present in the 
operating room was considered awareness.
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Possible awareness (B): A situation in which 
the patient was unable to remember any particular 
event during anesthesia or surgery, yet memories could 
have been associated with the surgical procedure was 
defined as possible awareness.
No awareness (C): A lack of recalled 
intraoperative events with probable memories of 
situations associated with the immediate pre-induction 
or post-operative period.
Results
Data from 200 patients were analyzed, including 
110 (55%) men and 90 (45%) women. The median age 
of the participants was 44 years. The physical status of 
the participants was assessed as follows: ASA I: 132 
(66%); ASA II: 60 (30%); and ASA III: 8 (4%).
Figure 1: Events remembered by patients before going to sleep
None of the patients was premeditated 
with benzodiazepines. Other drugs (e.g., famotidine 
and metoclopramide) were administered to 145 
(72.5%) patients, and five (2.5%) individuals were not 
pharmacologically pre-medicated. There were no data 
concerning premedication in 50 (25%) cases.
Two hours postoperatively, there was one 
event (0.5%) that could be classified as intraoperative 
awareness (category A). This patient was a 26 years 
old man without previous surgical history whose pre-
operative physical status was assessed as ASA I. 
The patient underwent lumbar spinal fixation at level 
of L1-L2. Anesthesia was induced intravenously by 
propofol (2 mg/kg) and maintained with inhalational 
isoflurane (MAC 1.2%).
When was he asked about the last thing, he 
remembered happening before going to sleep, He 
cried and said “ I felt my head was tilted, something 
obstructing my throat, I cannot take my breath nor 
move my head and I heard somebody said” “ pull him 
down.” On asking the resident who anaesthetized him, 
he confirmed the words of the patient. His report was 
classified as definitive awareness during anesthesia 
(category A).
The remaining patients (99.5%) did not remember 
anything between going to sleep and waking up.
According to the events remembered by 
patients before going to sleep, 48 patients (24%) 
remembered nothing. The data of the remaining 151 
patients (76%) are explained in Figure 1.
According to the events remembered by the 
patients after recovery from anesthesia, 36 patients 
(18%) remembered nothing. The data from the 
remaining 163 patients (82%) are explained in Figure 2.
According to unpleasant events connected with 
surgery and anesthesia, 63 patients (32%) experienced 
no unpleasant events. The data from the remaining 136 
patients (68%) are explained in Figure 3.
Figure 2: Events remembered by patients after recovery from anesthesia
Discussion
Intraoperative awareness is a subjective 
sensation, whereas verification and classification of 
patient’s reports are based on the criteria selected by 
the physician assessing the event.
In this analysis, we used the recommendations that 
are most commonly accepted in the literature [5], [10], [13]. 
According to these criteria, patients with perioperative 
recall can be divided into those who recall concrete events 
associated with the surgery (awareness) and those who 
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cannot describe their sensations precisely enough to 
consider them as fragments of events that occurred during 
surgery [16], [17].
Figure 3: Unpleasant events connected with surgery and anesthesia 
remembered by patients
In this study, the incidence of accidental 
awareness during GA (AAGA) was one case of definitive 
intraoperative awareness (1:200). Considering the 
size of the population studied and the incidence of 
intraoperative awareness reported by other authors, 
the result is likely fair.
The studies using the same methodology of 
this study which is the basis of the Brice and colleagues, 
consistently report the incidence of AAGA as 1–2:1000 but 
estimates still vary considerably from 1:100 to 1:4000 [18].
The studies that used Brice-style patient 
questioning twice over a 48 h period yielded a much 
lower incidence of 1:14 500 [19].
In contrast, studies using instruments without 
specific questions pertaining to awareness such as 
Pollard et al. [20], quality assurance data such as 
Mashour et al. [21] or spontaneous reports such as 
the recent National Audit Project (NAP) five have 
consistently found the incidence to be lower [21].
It was unclear from these conflicting reports 
whether the differences in incidence resulted from 
disparities in patient population, anesthetic technique, 
clinical severity, or method of detection [5].
In an attempt to resolve the controversy 
across studies and study populations, Mashour et al. [5] 
compared the incidence of intraoperative awareness with 
explicit recall in a single population of surgical patients who 
received both a standard post-operative evaluation (without 
a structured interview intended to detect awareness) and a 
single modified Brice interview at 30 days [5].
The modified Brice interview detected 19 
instances of definite intraoperative awareness with explicit 
recall in approximately 19,000 surgical patients [5].
Although the modified Brice interview cannot 
be regarded as a “gold-standard” psychometric test 
for awareness and memory, it has been associated 
consistently with a higher incidence compared with 
alternative methods.
Intraoperative awareness is more common in 
patients undergoing total intravenous anesthesia [13] 
and those who receiving muscle relaxants [22].
The determinations of anesthetic concentrations 
during intravenous anesthesia in the real-time are 
not possible. In this study, patients undergoing total 
intravenous anesthesia were not included.
Clear and consistent findings have emerged from 
the five major randomized controlled trials focused on the 
BIS [23]. Some of these trials demonstrated that the BIS 
monitor was effective in reducing definite awareness events 
compared with routine clinical care in patients at high risk 
for the complication; this has also been demonstrated for 
patients receiving total I.V. anesthesia [6], [24].
In contrast, another trial demonstrated that 
alarms based on the BIS are not superior to alarms 
based on end-tidal anesthetic concentration in 
preventing awareness with explicit recall in patients at 
high risk for the complication [25].
In 2012, a large randomized clinical trial 
was published involving 30,000 people. It has been 
shown that in patients anesthetized without the use 
of instrumental monitoring, and without the use of 
standardized (based on MAC) protocol anesthesia, 
definite, and possible intraoperative awareness during 
anesthesia occurs almost five-fold higher [5].
Despite the advantages of modern general 
anesthetic agents over the past four decades, with 
less cardiovascular depression and rapid elimination, 
the practice of pharmacological paralysis with limited 
hypnotic administration continued to be popular and still 
has proponents in modern practice [26].
In the observational study by Sandin et al. [27], 
the incidence of unintended awareness among patients 
who received GA without neuromuscular blocking 
agents was 0.1%, compared with 0.18% when patients 
were pharmacologically paralyzed [27].
This important insight has again been 
corroborated in the recently published NAP five study [28], 
where the overwhelming majority of awareness reports 
were from patients who had received neuromuscular 
blocking drugs and also where the anesthetic 
concentration was reduced toward the end of surgery 
before antagonizing neuromuscular blockade. The 
avoidance or minimization of pharmacological paralysis 
might be the most effective currently available method to 
prevent traumatic intraoperative awareness [28].
Detection of intraoperative awareness is not 
easy because it depends on patient reports rather 
than objective measures. Prospective methods 
using structured questionnaires detect substantially 
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more awareness events than approaches based on 
spontaneous patient reports [5].
However, a concern regarding the questions 
in the Brice questionnaire is that they have not been 
psychometrically validated and might have the potential 
to elicit false reports or memories [21]. This latter 
possibility is consistent with the finding that a significant 
proportion of patients only report awareness at later 
time points after multiple structured interviews [21].
Regardless of the detection method, 
distinguishing true from false awareness reports is 
difficult. Occasionally, a patient report is so detailed 
and specific in describing intraoperative experiences, 
events, or discussions that independent arbiters 
can concur that awareness definitely occurred [5]. 
Commonly, however, patient reports are vague 
and experts express divergent opinions regarding 
whether or not a patient was truly aware [23]. If many 
of the possible awareness reports do represent true 
awareness, this would mean that the incidence of 
intraoperative awareness has been even higher than 
studies have suggested.
In contrast to possible awareness experiences, 
it is important to clarify that most reports of intraoperative 
dreaming, which was previously viewed as possible or 
near awareness experiences, is likely to be unrelated 
to intraoperative awareness and does not necessarily 
indicate that patients were insufficiently anaesthetized 
during surgery [29].
Based on the clinical and electroencephalographic 
evidence, it is possible that dreaming occurs during 
emergence from GA, when patients are sedated or in 
a physiological sleep state [29]. However, Samuelsson 
et al. [30] found that, while the content of dreams was 
unrelated to awareness, the incidence of intraoperative 
awareness was 19 times more common among patients 
who reported a dream after surgery. Therefore, the 
precise relationship between awareness and dreaming 
remains unresolved [30].
Some limitations
Conversations with patients in the post-operative 
period were carried out only once and at various time 
intervals following the completion of anesthesia. In the 
majority of studies, such assessments are performed 
twice or 3 times: In the operating room, on day 1–3 
after anesthesia and 2–4 weeks after anesthesia which 
is likely to increase the detection rates of adverse 
events [6], [14].
We are not arguing that further research is 
unnecessary in these aspects of the field, but rather that 
new studies with disparate results do not necessarily 
create “controversy” unless the methodology is clearly 
superior and results are particularly novel compared 
with the existing literature.
Conclusion
The results of the present study show that 
the incidence of intraoperative awareness in 185 
hospital for emergency surgeries and burn is relatively 
fair and clinical evaluation of anesthesia depth is an 
effective measure to detect and prevents intraoperative 
awareness.
It was found that there was considerable 
number of patients with post-operative.
Un-pleasant sensations such as surgical 
site pain, pre-operative cannulation pain and being in 
the recovery room for a long time. These unpleasant 
events need more attention from the anesthesiologists 
to improve the anesthesia care.
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